Measures of four dimensions of personality (Psychoticism, Extraversion, Neuroticism, and Lie scores) and six aspects of social attitudes (to sex, taxation, militarism, politics, religion and a general conservatism scale) were obtained by mailed questionnaire from 29 691 US subjects including adult twins (n = 14 761) their parents (n = 2360), their spouses (n = 4391), siblings (n = 3184) and adult children (n = 4800). After correction for the average effects of age, sex and source of sample, familial correlations were computed for 80 distinct biological and social relationships. The data allow for the estimation of the additive and non-additive effects of genes, assortative mating, vertical cultural inheritance and other non-parental effects of the shared environment on differences in personality and social attitudes. The interaction of genetic and environmental effects with sex may also be analyzed. Model-fitting analyses show that personality and social attitude measures differ markedly in major features of family resemblance. Additive and dominant genetic effects contribute to differences in both personality and attitudes, but the effects of the family environment, including vertical cultural transmission from parent to child, are much more marked for social attitudes than for personality. There is substantial assortative mating for social attitudes and almost none for personality. The causes of family resemblance depend significantly on sex for almost every variable studied. These findings clarify and extend the more tentative findings derived from previous twin, family and adoption studies.
Introduction
Four primary sources of data have been exploited in separate studies of the inheritance of personality: twins reared together, [1] [2] [3] [4] [5] twins reared apart, [6] [7] [8] [9] nuclear families 10, 11 and adoption studies. [12] [13] [14] [15] These studies concur in showing a small to moderate contribution of genetic factors to variation in the major dimensions of personality. They also appear to show virtually no effect of the shared family environment on the correlations between relatives. Indeed, even when attempts have been made to measure particular environmental factors 1,4,16 their contribution to personality differences has been pitifully small.
Such studies, however, have left unanswered a number of important questions. It has been claimed that the different kinds of data yield different estimates of heritability -those from twin studies being greater than those from adoption and nuclear family studies. 12, 13 Whether such differences could be attributed to genetic non-additivity, the interaction of genetic effects with age, or to methods of ascertainment or choice of measures cannot be decided with certainty given the available data. Furthermore, although twin studies have been large enough to suggest sex differences in the expression of genes and environment on personality, the studies of other types of relationship have typically been too small to confirm or refute this basic finding. Also, it is not clear whether the results for personality can be generalized to other non-cognitive behavioral domains, notably social attitudes. Several large studies of twins reared together 5 have suggested that family resemblance is greater for social attitudes than personality and that there are indications from twin data of a large effect of the shared family environment and assortative mating. However, the weight of this claim is based on twin studies and these leave open the issue of whether the claim that attitudes are transmitted different from personality can be borne out by studies of other kinds of relationships.
Experience with computer simulation studies, 17, 18 and with the outcome of actual data analyses suggested that a large study of an extremely broad range of different relationships was necessary if we were to have a reasonable hope of analyzing the inheritance of complex traits with any degree of subtlety. A study was needed which could not just detect the effects of genes or the shared environment, but allow us to resolve different kinds of gene action such as additive and non-additive gene action. Such a study must also provide for the resolution of the different sources of non-genetic family resemblance including the environmental impact of mothers and fathers on their children and those environmental effects originating independently of the parental phenotype which are, nevertheless, shared by siblings and twins. Within this basic requirement it is also necessary that the study permits analysis of the contribution of assortative mating to variation and family resemblance and allows for the interaction of all the major sources of variation with sex differences. For example, the design should permit separation of the effects of sex-limited gene expression from the differential social interactions which may occur between mothers and fathers and their male and female offspring.
The Virginia 30 000
The series of simulation studies 18 had indicated that, although the full adoption study involving adoptees with both their adopting and biological parents were more powerful for the purpose of detecting the effects of the parental environment, the difficulty of securing large enough samples vitiated the theoretical advantage, especially when the sexes were likely to differ in the contribution and type of genetic and environmental effects. Furthermore, given we cannot know in advance that the parental environment is not the only salient determinant of individual differences, and given the need for large samples in order to resolve subtle genetic and environmental effects, the study of the extended kinships of adult identical and non-identical twins, with their parents, siblings, spouses and adult children, had many advantages. Indeed, it provides a powerful basis for the resolution of additive and non-additive genetic effects, alternative models of assortative mating 19 and a wide variety of components of the shared family environment including the environmental effects of the maternal and paternal phenotype and the additional environmental correlation induced between siblings ('sibling environment') and members of a twin pair ('twin environment').
The Virginia 30 000 study was designed to exploit this strategy in a comprehensive examination of the causes of individual differences in attitudes, personality, habits, life styles, life events, physical characteristics, social support and psychosocial variables known to affect risk to physical and mental health. Figure 1 gives an idealized pedigree sought for the Virginia 30 000. In practice, very few three-generation pedigrees were ascertained. Most families comprised either twins with their collateral relatives and parents, or twins and their collateral relatives and children. Ascertainment was in two stages. Names and addresses of Virginia-born twins were supplied by the Virginia Twin Registry under the supervision of Dr Linda Corey. In addition, a nationwide sample of volunteer twins aged 50 + was recruited through publicity provided by the American Association of Retired Persons ('AARP'). Truett et al 20 describe some of the properties of the sample. Twins were mailed a 16-page 'Health and Life-styles Questionnaire for Twins' (HLQ-T) developed for the study. At the end of the questionnaire twins were asked to supply names, addresses and telephone numbers of their parents, spouses, siblings and children who were then asked to complete versions of the HLQ identical to the twin versions as far as the measures of personality and attitudes were concerned. These questionnaires were designed for the parents of twins (HLQ-P) and other relatives of twins, including their spouses (HLQ-R).
Zygosity of the twins was established on the basis of two questions dealing with perceived similarity (Table 1) . Any pair of twins who agree that they were frequently mistaken for each other and describe themselves as identical may be classified as monozygotic with a high degree of confidence. The validity of this approach to zygosity diagnosis has been generally accepted for large-scale studies as providing correct zygosity diagnoses in about 95% of cases. In cases where the zygosity algorithm identified inconsistent or uncertain responses, the twins were classified as unknown and used only for those correlations in which the zygosity of twins was expected to make no difference (eg spousal correlations, parent-offspring and sibling correlations).
The final sample comprised 29 691 individuals. Table 2 summarizes the composition of the sample by sex and relationship to the twins. A few other relationships (eg half-siblings, adoptees) are also represented in the sample but their numbers are generally too small to have a significant impact on the analysis and these individuals are not included in these numbers.
In subsequent computations of the correlations between relatives, three-generational relationships (eg grandparent/grandchild), were omitted because sample sizes were small. However, all the unique combinations of relatives with respect to the sex of both parents and children were kept separate for the purposes of computing the correlations between relatives since, under a full model for the effects of sex on familial transmission, subtle differences may be introduced as a function of the sex of both the parents and children contributing genetic and environmental effects to a particular relationship. For example, if the impact of maternal effects depends on the sex of the offspring, then unlike-sex cousins related through unlike-sex dizygotic twin parents produce two distinct correlations, one involving the male offspring of the female twin as parent and one with the male twin as the parent of the male offspring. When such distinctions are made, we have so far identified 80 distinct biological and social relationships, excluding those across three generations, in the extended kinships derived from monozygotic male, monozygotic female, dizygotic male, dizygotic female and unlike-sex dizygotic twin pairs. Table 3 lists all the relationships distinguished in this analysis, together with an acronym for each correlation which is used to identify the correlations in subsequent tables. It is important to note that within each of the major categories of relationship tabulated, apart from nuclear families, there are two main sub-categories. Although the graphical structure of kinships based on MZ and DZ twins is the same, relationships within MZ kinships are biologically different from relationships within DZ kinships. Thus, the table distinguish relationships involving MZ twins from those involving DZs and siblings. For example, the spouses of MZ twins ('SPMZ') are expected to correlate differently from the spouses of DZ twins ('SPDZ') if genetic factors influence the choice of mate. 19, 21, 22 Similarly, avuncular relationships between a nephew or niece and the MZ co-twin of a father or mother ('PatMav' and 'MatMav') are expected to involve a higher genetic correlation (equal to that between parents and offspring) than the conventional avuncular relationships involving a DZ co-twin or a sibling of a parent (eg 'PatSav' and 'MatDav').
Measurement of personality and attitudes
The HLQ included, with the authors' permission, the short form (54 items) of the Eysenck Personality Questionnaire. 23 The short EPQ is scored for the three principal dimensions of Eysenck's personality theory: Psychoticism, Extraversion and Neuroticism (P,E and N). A fourth scale may also be scored, measuring the tendency of the subjects to 'fake good' -the 'Lie-scale' (L). The authors' scales were used to obtain scores for P,E,N and L. The E,N and L scales are represented by 12 items each and the P scale by 13 items. The items comprising the scales are reproduced in Table 4 . In order to minimize the impact of occasional missing values scores were imputed for those subjects who had ten or more valid responses to a given scale.
Social attitudes were assessed by a 28-item inventory modeled on the Wilson-Patterson Conservatism scale. The items were chosen after review of the loadings on the first principal component of the Inheritance of personality and attitudes L Eaves et alitems of the full scale used in an earlier study of Australian twins. 5 Some supplementary items were added to reflect issues (eg segregation, busing, moral majority) deemed newsworthy in the US at the time the survey was constructed. The items are listed in Table 5 . Each may be answered 'Yes', 'Uncertain', 'No' (scored 1,2,3) to indicate agreement or otherwise with the topic.
The eigenvalues of the inter-item correlations for the attitude items suggested that a general 'conservative-liberalism' factor is a substantial, but not exhaustive, component of the social attitudes sampled in our brief inventory. A conservatism scale (Con) was thus constructed using all of the items keyed according to whether they had a positive or negative loading on the first general factor (Table 5) . More detailed preliminary factor analysis of the attitude items confirmed that five (oblique) factors were clearly defined. On the basis of the factor pattern, we constructed scales (see Table 5 ) to reflect these main dimensions of the attitude responses: sexual permissiveness (Sex); economic liberalism 
Data summary
In order to remove specific extraneous causes of variation and correlation between relatives that might interfere with the analysis of other genetic and environmental effects, the subjects' scores for each scale were examined for their regression on dummy variables coded for sex, whether or not the subject was a twin, and the source of ascertainment (the Virginia Twin Registry vs the AARP registry). Interactions between these effects were specified as the regressions on products of the dummy variables. The linear and quadratic effects of age, and the interactions of these components with the dummy variables and their interactions were also included in the regression model. The SAS regression procedure was used for this part of the analysis and the residuals from the regression model were then normalized using the 'BLOM' method incorporated in the SAS 'RANK' procedure.
In an ideal world, the correlations between relatives for the extended pedigrees should be computed by the method of maximum likelihood. 5, 24 With 80 distinct relationships, however, securing ML estimates of the correlations is prohibitive with current algorithms since, in addition to the 80 correlations of primary concern, it would be necessary also to estimate a large number of others (eg three-generational correlations) which are based on numbers too small to provide estimates of any practical value. We chose an acceptable but not ideal alternative. All possible pairs of individuals contributing to a given relationship were identified and a pooled correlation for that group of individuals was computed. Although simulation studies have shown such estimates to be unbiased, the repeated use of the same individual in computing a correlation leads to estimates that are less precise than might be assumed as they have been based on samples of independent pairs. 25 One consequence of the false assumption of independence among the estimated correlations is that tests of goodness of fit tend to be more likely to be rejected than should be the case.
We present the correlations between relatives for the normalized residuals for personality in Table 6 and for social attitudes in Table 7 .
In order to simplify preliminary perusal of the patterns of family resemblance, the correlations were pooled across sexes. Also, correlations which involved the DZ twin relationship were pooled with those involving the sibling relationship. Note that these correlations are frequently heterogeneous, given the very large sample sizes, and they are pooled for the purposes of preliminary inspection only. Subsequent model-fitting analyses are based on the entire set of 80 correlations and allow for the various possible sources of heterogeneity. The pooled correlations for personality are summarized in Table 8 . Those for attitudes are given in Table 9 .
The summary correlations for personality (Table 8 ) are all quite small, the only exception being those for MZ twins. Even here, however, that for the 'P' scale is only 0.29. Thus, over 50% of the variation in personality as measured by the short EPQ is due to non-familial factors such as errors of measurement and within-family environmental factors. In no case does the DZ correlation exceed half of the MZ correlation, suggesting that shared environmental effects are likely to be small. Generally, the sibling and parent offspring correlations are about equal. The avuncular correlations involving MZ co-twins of parents ('MZ avuncular') are close to the parentoffspring correlation for E,N and L and higher than the conventional avuncular correlations involving siblings and DZ co-twins of parents ('avuncular'). These correlations point to a small additive genetic contribution to family resemblance accounting for Inheritance of personality and attitudes L Eaves et al Inheritance of personality and attitudes L Eaves et alno more than 25-30% of the total variance. The fact that the MZ correlations for E and N somewhat exceed these values may be due to non-additive genetic effects or a special MZ twin environment. The fact that other relationships involving MZ twins, especially those for social attitudes (see below) are also inflated seems to point to a very pervasive effect of monozygosity on other biological and non-biological relationship. Obviously a genetic model has a built-in capability to predict and explain these findings. It is less clear that the often-touted 'special MZ twin environment' has these capabilities. The spousal correlations, and all correlations by marriage are uniformly small, although with these sample sizes very small correlations are statistically significant. The spousal correlation for the 'Lie' scale is twice that of any of the other EPQ scales and even that is too small to have biologically or socially significant impact of genetic and environmental correlations between relatives. Thus, in general, the effects of assortment on personality are fairly trivial.
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All these findings are consistent with other studies of personality, including adoption studies and studies of separated twins 5, [13] [14] [15] 26 and the larger studies of twins (see Eaves et al 5 for a summary of these studies).
The correlations for social attitudes (Table 9 ) extend to other relationships those characteristics of the transmission of social attitudes, as distinct from personality, that we have come to recognize on the basis of earlier studies of twins especially. 5 The correlations for conservatism ('C') are typical and represent the general trend found in the primary attitude scales. Family resemblance is generally greater. Correlations for first degree relatives are twice those for personality and there is a very striking correlation between spouses which has a 27 ) exceed those for conventional cousins related through DZ twin parents. Thus the data are consistent with previous studies in lending support to the counter-intuitive notion that genetic factors account for some of the variation in social attitudes in western, Caucasian culture.
A model for family resemblance in extended twin kinships
The preliminary examination of the pooled correlations suggests the main features that might emerge from a more rigorous analysis but does not capture the subtleties that are apparent in the full tables of correlations, not does it yield a more thorough quantitative resolution of the effects of biological and cultural transmission which, a priori, are expected to be correlated in kinships based on nuclear families alone. Furthermore, many of the correlations pooled to generate the summary tables are significantly heterogeneous, suggesting that sex differences may interact with the causes of family resemblance. Figure 2 presents a tractable path model for family resemblance which can be extended to include all the relationships in the kinships of twins listed above in Table 3 . It is not the only possible model and others may be developed which feature other nuances of the mate selection process or non-genetic inheritance. 19 
Basic parameters of the model
The model is discussed in detail by Truett et al 20 who illustrate its application to the analysis of biological and cultural inheritance to twin-kinship data on frequency of church attendance. Ignoring, for the moment, the provision for sex differences in genetic and environmental effects, the model allows for the a series of basic genetic and social influences on variation. These are denoted in the path diagram ( Figure 2 ) by lower case letters as follows: The model assumes initially that assortative mating, if present, is based on the measured phenotype, P ('primary phenotypic assortative mating' 19 ). Similarly, it is assumed that vertical cultural transmission from parent to offspring is based on the measured phenotype of the parents rather than on some latent or correlated variable ('P to E' vertical cultural inheritance). The effects of the sibling and twin shared environments are assumed to contribute to variation among individuals regardless of relationship. However, the sibling environment is perfectly correlated in sibling and twin pairs, and the twin environment is perfectly correlated in twin pairs. Thus, the model assumes that twins and siblings will differ in correlation as a result of how they are influenced by their shared environment but not in their variance. That is, twins and siblings are assumed to sample the same marginal distribution of environmental effects as other individuals but they differ in the environmental correlation. The genotype-environment correlation, , occurs when the parental phenotype, which contributes to the offspring's environment through parent-offspring transmission, is partly genetic in origin. This results in a correlation between the offspring's environment and genes. The process of transmission and assortment is assumed to be in equilibrium, and thus, is constant between generations. That is, parent is constrained to be equal to child . Since models are fitted to correlations, the scale of measurement has unit variance; therefore, we impose the further constraint that the sum of all sources of variation is unity.
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Assortment and cultural transmission based on a latent variable
The measured trait may not correlate perfectly with the trait for which mate selection and cultural transmission are actually occurring. Morton 28 argued for a model of 'social homogamy' in which assortment and cultural transmission are based on a correlated latent variable to which genes make no contribution. Another mechanism of assortment (proposed by Heath and Eaves 19 ) presents a model for mixed homogamy in which mate selection is based on both the social background of the spouses and the phenotype of the mate. We have used 'phenotypic assortment plus error' 29 in which the actual measurement is considered a more or less unreliable index of the latent score on which assortment is based. In this model, all expected correlations were multiplied by the square of the path from 'true' (or latent) score to 'observed' score (the reliability [rel]). When there is significant assortative mating or cultural inheritance, there is sufficient information to estimate rel without repeated measurements. Table 3 (after 20 
)
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Allowing for sex differences in model parameters
One of the principal advantages of a study involving large samples of relatives is the provision of an opportunity to test a variety of models of sexdependent etiology and transmission. For the simple case of randomly mating populations, a model for sex differences in gene action was specified by Eaves 30 which allowed for the same genes to have different magnitudes of effect on males and females. This model allows for estimation of separate genetic variances for males and females and a correlation between gene effects in males and females. The genetic correlation between the sexes will be unity if the effects of all autosomal loci on one sex are constant multiples of their effects on the other sex. In this case, we speak of 'scalar sex limitation of the gene effects'. Analogous definitions maybe given for the 'sex-limited' effects of the shared environment. If the magnitudes of the loci or, by analogy, 'environmental effects' on one sex are not constant multiples of their effects on the other sex, then we speak of non-scalar sex limitation of genetic (or environmental) effects.
The present model extends the analysis of sexdependent effects to the more difficult case of combined assortative mating and cultural inheritance. In the path diagram (Figure 2 ) we employ the following notation for the effects of dominance, sibling environment and special twin environment: d m , s m , and t m in males respectively, and d f , s f and t f for their counterparts in females; and r d , r s and r t for the correlations across sexes of the dominant, sibling environmental and twin environmental effects.
Since vertical cultural transmission is assumed under this model to be based on the parental phenotype for the trait under investigation the question of 'non-scalar' vertical cultural transmission does not apply. However, the cultural impact of mothers may differ from that of fathers, and may further depend on the sex of the offspring. In the model for sex differences, therefore, we require four cultural parameters: > w mm ; w mf ; w fm ; w ff . The first subscript denotes the sex (m = male) of the offspring and the second denotes the sex of the parent.
Specification of sex-limited additive genetic effects is more difficult when there is assortative mating which induces correlations between loci that would otherwise be independent, see, for example, Fisher. 31 We have adopted one of several, formally equivalent, ways of parameterizing the additive sexlimited effects. Recognizing that the additive genetic variances in the two sexes and the genetic covariance between them require three free parameters for their complete specification, we assume that one set of genes explains all the genetic variance in females, and the genetic covariance between the sexes. The paths from this 'common' set of genes to the male and female phenotypes are denoted by h mc and h fc , respectively. A second set of genes has effects which are specific only to males and the path from these genes to the male phenotype is specified by h mm . Although the 'male-specific' genes are not expressed in females, they are still present in females and correlated, through phenotypic assortment, with the 'common genes'. We denote the induced correlation between the two sets of additive genetic effects by α cm .
The joint effects of assortment and vertical cultural transmission induce four genotype-environment correlations: two between the 'common' additive genetic effects and the environments of males and females, cm and cf , respectively; two between the 'male-specific' additive genetic effects and the environments of males and females, mm and mf , respectively. These genotype-environment correlations are estimated as constrained parameters when fitting the model (ie they are functions of other parameters). Separate parameters are required to specify the path from male environment to phenotype (e m ) and female environment to phenotype (e f ). Under the simple model for 'phenotypic assortment with error', the paths from true score to observed score, rel m and rel f , may differ between males and females.
Since the total phenotypic variance is standardized to unity in both sexes, two further constraints are required to enforce these conditions. Thus, seven constraints are imposed on parameter values under the full model. The full model for sex-limited effects is given for pairs of unlike-sex DZ twins in Figure 2 .
Fitting the model
The method of iterative constrained diagonal weighted least squares was used to fit the full (nonlinear) model to the 80 correlations for each personality and social attitude variable in turn. The model is fitted to the z-transforms of the raw correlations to improve the approximation to normality. 32 Truett et al 20 give further details of the model fitting method. The expected correlations between relatives may be derived algebraically from the path model. These are extremely complex and are not reproduced here. However, copies of the FORTAN program, which incorporates annotated code for the algebraic expectations for the correlations between relatives and expressions for derived estimates of variance components (see following), are available from the first author by electronic mail. The Numerical Algorithms Group's FORTRAN subroutine E04UEF was used Inheritance of personality and attitudes L Eaves et alfor constrained numerical minimization of the residual sum of squares. 33 The full model, involving 19 free parameters, was fitted first. The weighted residual sum of squares for 80 -19 = 61 d.f. is employed as a guide to the overall goodness of fit of the model. The false assumption of independence in the observed correlations is likely to result in our rejecting the model too often if we treat this statistic uncritically as 2 . However, comparisons of alternative models based on examination of changes in 2 associated with reductions in the full model are less open to such biases. 34 In order to test the significance of combinations of effects having particular theoretical importance, a series of reduced models was fitted in every case and the increase in the residual sum of squares noted as a guide to the deterioration in fit associated with deleting specific effects from the model. Reduced models were fitted to test the following specific hypotheses: 1) that all genetic and environmental effects were homogenous over sexes;
2) that there were no genetic effects (h = 0, d = 0 in both sexes);
3) that there were no non-additive (dominant) genetic effects (d = 0 in both sexes); 4) that there were no effects of the shared environment of any kind (s = t = w = 0 in both sexes).
In the presence of significant shared environmental effects a further test was conducted:
5) that there was no vertical cultural inheritance (w = 0 in both sexes).
These tests do not exhaust all the possibilities. However, in view of the danger of capitalizing on chance with multiple tests it is more appropriate to restrict testing to a few major effects of a priori importance.
Results
Tables 10 and 11 present the weighted least squares estimates of the parameters of the full model for the correlations for personality and attitudes respectively. The models for personality involve two fewer parameters than those for social attitudes because the virtual absence of assortative mating and vertical cultural inheritance meant there was no need to test whether these effects were based on a latent variable. That is, r m = r f = 1 for all the models of personality. Two 2 statistics are also tabulated testing for approximate goodness of fit of the model and testing for heterogeneity of the model parameters across sexes. Tables 12 and 13 summarize, for personality and social attitude measures respectively, the estimated contributions of the various effects included in the 'full' model to variation in males and females. The formulae used to compute these components of variance from the parameters of the path model are given by Truett et al.
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Discussion
Before considering the positive findings, it is essential to note what possible causes of variation are not considered in the current model. There are three main exclusions. First, although we correct for population linear and quadratic trends in response with age, we do not consider the implications of the interaction between age, cohort effects or generational differences and individual genetic and environmental differences. Modeling these effects requires different approaches from those used here 5, 35, 36 and remains a goal for future data analysis. One consequence of these effects is the decay of family resemblance with increasing age differences between relatives. As a result, analyses of family resemblance which ignore these effects may find increased non-additivity (because parent-offspring correlations are reduced relative to siblings who are more similar in age but share same additive genetic similarity and 'twin environment effects' because MZ and DZ twins are being measured at more comparable stages of gene expression than siblings who have larger age differences within pairs. Second, although we allow for an increased environmental correlation for MZ and DZ twins, we do not specify any extra 'special MZ' shared environment. If such environmental effects are important they will increase the MZ correlation relative to the DZ correlation and inflate the estimate of non-additive genetic effects in our model. Finally, although we model social interactions between parents and children ('vertical cultural inheritance') we assume that any additional environment correlation between siblings and twins is not due to the social interaction between the siblings and twin themselves ('sibling effects'; 37 or 'imitation and contrast effects ' 38 ). The extra environmental correlation of siblings and twins is assumed to arrive from residual shared environmental influences external to the pair and the family. These may include the effects of peers, schooling etc as long as these are not caused by the phenotypes of the parents or the measured behavior of their children. Such 'sibling' effects will produce differences in the dispersions of traits in families of different density and, again, require different models ). Such warnings having been sounded, we note that the data from these large samples of more heterogeneous relationships allow us to test the claims based on other studies of fewer kinds of relationship, including the very large twin studies of personality and attitudes that have been reported. 5 With the exception of psychoticism and political preference, the results show consistent evidence of heterogeneity in the parameter values across sexes. The fact that the sex-specific additive genetic effect on males is always zero suggests that the cause of heterogeneity in the additive genetic effects over sexes is epigenetic, ie the same genes are having effects of differing magnitudes in males and females. Although the sexes differ in the magnitudes of the expressed additive genetic effects, there is no suggestion that the traits are under the control of different genes in these data. When we turn to epigenetic effects, however, including genetic non-additivity, we see almost every conceivable variety of sex dependence. The same genes seem to be involved in non-additive interactions for psychoticism and extraversion (r d = 1) whilst distinct genetic effects may interact in males and females to create differences in extraversion and lie scores (r d < 1). We note that the sibling and twin environments generally play a larger role in the development of female attitudes than is the case for males (see estimates of twin and sibling environmental variance components in Table 13 ).
The results confirm the now commonplace finding of the inheritance of personality and attitudes that by far the most consistent effects on individual differences are those of the unique, within family, environment ('residual' in Tables 12 and 13 ). In our cross-sectional study, these effects include both long-term environmental influences and short term fluctuations. Previous studies 5 suggest strongly the short-term influences outweigh long-term effects in creating the within-family environment. 
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Our new data confirm the earlier claims based on a variety of relationships, that the shared environment plays only a small and non-significant role in the creation of personality differences in adults. There are noticeable contributions of the 'twin' environment (t) to neuroticism and lie scores but the direct environmental impact (w) of parental personality on children is virtually non-existent.
Previous twin studies of social attitudes have shown that the correlations for DZ twins are significantly greater than one half of the correlations for MZ twins, pointing to the importance of either the shared environment, or the genetic consequences of assortative mating, or both. The new results allow us to be clearer about the confounded role of assortment and the shared environment. It is clear that, for all the social attitude measures, the high degree of marital resemblance can account for some of the apparent excess DZ correlation in terms of the increased genetic resemblance of family members arising from the fact that like spouses bring together alleles of similar effect ('assortment', Table 13 ). These effects are absent in the personality scales (Table 12 ). However, for many attitude factors, the total effects of the shared environment equal or exceed those of assortment. We also see that vertical cultural inheritance within the family -the direct impact of parental attitudes on offspring attitudes 40 is a significant factor in parent offspring similarity in attitudes. The path coefficients (w) in Table 11 show values ranging from -0.368 for the impact of maternal conservatism on the environment of her sons, to + 0.445 for the impact of paternal attitudes to taxation for welfare of others on the environment of their sons. In this respect, the proportions of variance attributed to the cultural impact of parents on Inheritance of personality and attitudes L Eaves et altheir children are misleadingly small because quite large parent-offspring paths are squared when computing the contributions to variation in the next generation. Furthermore, negative paternal effects may tend to cancel out positive maternal effects and vice versa when there is substantial assortative mating. Although the specific parameters of vertical cultural inheritance should probably be treated with some sensitivity to the possible role of sampling error, we note that the coefficients for like-sex relationships are usually somewhat higher than those for unlike-sex parent-offspring pairs. This finding is consistent with the view that children model on their like-sex parent. In data on ordinary nuclear families alone, such effects are confounded with those of sex-limited gene expression. An extreme example of this tendency in our data is provided by the marked opposition between the roles of mothers and fathers in creating the attitudes of sons on sexual issues (Table 11 ). The path from mothers' attitudes to sons' environments is estimated as -0.339. That from fathers' attitudes to sons' environments is + 0.375. The opposite signs of these effects result in an apparent contribution of the paternal environment (Table 13 ) of only 1.5% although, if the finding is replicated, the process The total contribution of genetic factors to differences in personality and attitudes is significant and pervasive. We note that the total estimated contribution of genetic variability to social attitudes is not much different from their effects on personality. We confirm the findings of previous twin studies that the effect of genetic factors in creating variation for social attitudes, as distinct from personality, may be exaggerated by the genetic consequences of assortative mating. The estimated contributions of 'assortment' to genetic variation are larger for attitudes (Table 13 ) than personality (Table 12) .
Non-additive genetic effects also appear to play a significant role in the creation of the personality and attitude variables measured in our study. Although these are parameterized as 'dominance' in the model, other epistatic interactions between loci will tend to be confounded with the additive and dominance effects. Epistasis of the duplicate type, in which the phenotype is buffered against change by the evolution of multiple loci having parallel functions, is especially likely to inflate the estimate of dominant genetic effects. 41 Taken as a whole, the data from the Virginia 30 000 show remarkable consistency with the earlier twin, family and adoption studies as far as personality as concerned and allow a far more detailed analysis of the transmission of social attitudes than has been possible in the past. 42, 43 We note the same apparent inconsistencies between the findings for personality that had been noted before between studies using different instruments and separate populations. It is clear from our data that this result is not a matter of the population sampled or the choice of measurement but that it resides in a large effect of genetic non-additivity. In our model these effects contribute to the large estimate of the dominance parameter because the correlations between parents and siblings are much lower than those between MZ twins. Another possibility is that some of the genetic nonadditivity is due to the interaction of genetic differences with age. Such effects would produce a lot of apparent dominance in our model, because parents are measured at different ages from children and twins. They would also tend to inflate the twin correlation relative to the sibling correlation. The overall effect of additive genetic effects, and thus the narrow heritability, is small for most of the personality dimensions.
One of the truly remarkable findings to emerge from behavior genetics over the past 20 years in the replication and consistency of findings about the transmission of personality and social attitudes in different studies using different approaches and methods of analysis. Even if investigators may differ in the models they use to interpret their data, it is still little short of astonishing that the actual correlations between relatives show such consistency between studies, not merely in their relative magnitudes for a given variable but also for the differential patterns of family resemblance seen between measures in different domains. This does not mean that the last word has been said on the subject. Understanding the origin of the apparently large nonadditive genetic component will require more detailed analysis of the effects of age on family resemblance. We still do not understand the adaptive significance of assortment for social attitudes in contrast to the essentially random mating we see persistently for personality. We have little idea about the developmental role of genetic differences in shaping the environment to which individuals are subjected. Such effects all serve to enhance the expression of genetic differences which might be small at the outset and may still provide a foundation for behavioral rather that medicinal intervention in certain kinds of behavioral disorder. Finally, we do not yet know certainly whether the absence of shared environmental effects on adult personality is simply a feature of adult adaptation or whether it characterizes personality measures throughout development. Such findings will be crucial for how personality is viewed biologically.
Our results underscore the striking differences between the inheritance of personality and social attitudes. What appeared as an excess correlation among DZ twins reared together in previous twin studies of social attitudes has now been resolved into a number of different possible factors. Some of the additional variation between DZ twin pairs may indeed be the genetic consequences of assortative mating as implied by the model of Martin et al, 43 but our data show that this is not the whole story because the vertical cultural inheritance of attitudes from parents to children cannot be discounted, neither can the extra-familial environmental effects shared by siblings and twins. The Virginia 30 000 data confirm the repeated findings of other twin studies that genetic factors cannot be ignored in the creation of social attitude differences. The consistent difference between attitudes and personality may point to different roles in human adaptation. The absence of any assortment and vertical cultural inheritance for personality may indicate that personality is the manifestation of phylogenetically early properties of the nervous system that predate the evolution of the human brain. The fact that researchers have proposed animal models for personality 44 is consistent with this view. On the other hand, it is impossible to conceive of attitudes without a culture depending on learning and social interaction for its Inheritance of personality and attitudes L Eaves et almaintenance and requiring, therefore, those aspects of the brain which are most fully differentiated in humans. In evolving systems to deal with life in society humans have not left behind their genetic diversity. Individual differences at the genetic level, as well as differences in personal history and family environment, still bias for good or ill the choices and prejudices of individuals in society. The significant contribution of genetic factors to social attitudes means that virtually no measurable aspect of human behavioral variation is so far removed from the impact of events at the genetic level as to be considered in complete isolation from the emerging theory and knowledge in genetics and sociobiology. It is as naive to suppose that there is a simple link between events at the DNA level and complex behavioral outcomes such as social attitudes, as it is to suppose that culture has completely immunized humans from the effects of their genes. We conceive of an ontogenetic process in which small initial genetic differences in behavior and preference are augmented over time by the incorporation into the phenotype of environmental information, correlated with the genotype, in a continual process of sifting and evaluation. Much of the apparent genetic variation in normal human behavior may ultimately turn out to be of this type. It will require far greater ingenuity to understand the processes of developmental feedback and geneenvironment correlation which create such 'extended phenotypes' 45 than it has taken so far to quantify the complex contributions of genes and environment to adult behavioral outcomes.
